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(1) Amended in specification P.2, L.15 to 21, "the control unit comprising: 
self-diagnosis means for self-diagnosing whether the quantity of state is an abnormal 
value, or whether at least one of onboard equipments mounted on the robot including at 
least the drive motor and the internal sensor is abnormal; abnormality information 
outputting means for outputting, when an abnormality is self-diagnosed by the 
self-diagnosis means, information of the abnormality affixed with a time on which the 
abnormality occurred; and" to — the control unit comprising a plurality of distributed 
control units that are distributed to be disposed at each of onboard equipments mounted 
on the robot including at least the internal sensor and the drive motor, for self-diagnosing 
whether at least one of onboard equipments is abnormal, and further comprising: 
self-diagnosis means for self-diagnosing whether the quantity of state is an abnormal 
value; distributed control unit self-diagnosis result inputting means for inputting a 
self-diagnosis result by each of a plurality of the distributed control units; abnormality 
information outputting means for, when at least an abnormality of one of the quantity of 
state and the mounted equipments on the robot is self-diagnosed based on the 
self-diagnosis result by the self-diagnosis means and the inputted self-diagnosis result by 
the distributed control units, storing information of the abnormality in a shared memory 
provided in the control unit and outputting the information affixed with a time on which 
the abnormality occurred; and — . (As underlined) 

(2) Amended in Specification P.3, L.12 to 16, "the control unit comprising: 
self-diagnosis means for self-diagnosing whether the quantity of state is an abnormal 
value, or whether at least one of onboard equipments mounted on the robot including at 
least the drive motor and the internal sensor is abnormal; abnormality information 
outputting means for outputting, when an abnormality is self-diagnosed by the 
self-diagnosis means, information of the abnormality affixed with" to — the control unit 
comprising a plurality of distributed control units that are distributed to be disposed at 
each of onboard equipments mounted on the robot including at least the internal sensor 
and the drive motor, for self-diagnosing whether at least one of onboard equipments is 




abnormal, and further comprising: self-diagnosis means for self-diagnosing whether the 
quantity of state is an abnormal value; distributed control unit self-diagnosis result 
inputting means for inputting a self-diagnosis result by each of a plurality of the 
distributed control units; abnormality information outputting means for, when at least an 
abnormality of one of the quantity of state and the mounted equipments on the robot is 
self-diagnosed based on the self-diagnosis result by the self-diagnosis means and the 
inputted self-diagnosis result by the distributed control units, storing information of the 
abnormality in a shared memory provided in the control unit and outputting the 
information affixed with — . (As underlined) 

(3) Amended in Claim 1, "the control unit comprising: a. self-diagnosis means for 
self-diagnosing whether the quantity of state is an abnormal value, or whether at least 
one of onboard equipments mounted on the robot including at least the drive motor and 
the internal sensor is abnormal; b. abnormality information outputting means for 
outputting, when an abnormality is self-diagnosed by the self-diagnosis means, 
information of the abnormality affixed with a time on which the abnormality occurred;" 
to — the control unit comprising a plurality of distributed control units that are 
distributed to be disposed at each of onboard equipments mounted on the robot including 
at least the internal sensor and the drive motor, for self-diagnosing whether at least one of 
onboard equipments is abnormal, and further comprising: a. self-diagnosis means for 
self-diagnosing whether the quantity of state is an abnormal value; b. distributed control 
unit self-diagnosis result inputting means for inputting a self-diagnosis result by each of a 
plurality of the distributed control units; c. abnormality information outputting means for, 
when at least an abnormality of one of the quantity of state and the mounted equipments 
on the robot is self-diagnosed based on the self-diagnosis result by the self-diagnosis 
means and the inputted self-diagnosis result by the distributed control units, storing 
information of the abnormality in a shared memory provided in the control unit and 
outputting the information affixed with a time on which the abnormality occurred; — . 
(As underlined) 
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(4) Amended in Cuum 2, "the control unit comprising: d. self-diagnosis means for 
self-diagnosing whether the quantity of state is an abnormal value, or whether at least 
one of onboard equipments mounted on the robot including at least the drive motor and 
the internal sensor is abnormal; e. abnormality information outputting means for 
outputting, when an abnormality is self-diagnosed by the self-diagnosis means, 
information of the abnormality affixed with a time on which the abnormality occurred;" 
to — the control unit comprising a plurality of distributed control units that are 
distributed to be disposed at each of onboard equipments mounted on the robot including 
at least the internal sensor and the drive motor, for self-diagnosing whether at least one of 
onboard equipments is abnormal, and further comprising: e. self-diagnosis means for 
self-diagnosing whether the quantity of state is an abnormal value; f. distributed control 
unit self-diagnosis result inputting means for inputting a self-diagnosis result by each of a 
plurality of the distributed control units; g. abnormality information outputting means for, 
when at least an abnormality of one of the quantity of state and the mounted equipments 
on the robot is self-diagnosed based on the self-diagnosis result by the self-diagnosis 
means and the inputted self-diagnosis result by the distributed control units, storing 
information of the abnormality in a shared memory provided in the control unit and 
outputting the information affixed with a time on which the abnormality occurred; — . 
(As underlined) 

(Note: the numbers of page and line in Specification are expressed in accordance with 
the English text.) 

6. PAPERS ATTACHED HERETO 

Specification A replaced paper of P. 2, 3 and 3/1 1 
Claim A replaced paper of P. 21 to 24 1 
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Another object of this invention is to provide an abnormality detection 
system of a mobile robot whose abnormality detection reliability is further improved 
by, when an abnormality or the like is detected, also storing the time of occurrence 
and/or the quantity of state including the posture and the like at the time. 

In order to solve the aforesaid objects, this invention provides, as recited in 
claim 1 mentioned below, a system for detecting abnormality of a mobile robot 
having at least a drive motor, an internal sensor that senses a quantity of state of the 
internal of the robot and a control unit constituted by an onboard microcomputer that 
operates the drive motor based on the quantity of state obtained from an output of 
the internal sensor to move, the control unit comprising a plurality of distributed 
control units that are distributed to be disposed at each of onboard equipments 
mounted on the robot including at least the internal sensor and the drive motor, for 
self-diagnosing whether at least one of onboard equipments is abnormal, and further 
comprising: self-diagnosis means for self-diagnosing whether the quantity of state is 
an abnormal value; distributed control unit self-diagnosis result inputting means for 
inputting a self-diagnosis result by each of a plurality of the distributed control units; 
abnormality information outputting means for, when at least an abnormality of one 
of the quantity of state and the mounted equipments on the robot is self-diagnosed 
based on the self-diagnosis result by the self-diagnosis means and the inputted 
self-diagnosis result by the distributed control units, storing information of the 
abnormality in a shared memory provided in the control unit and outputting the 
information affixed with a time on which the abnormality occurred; and abnormality 
information storing means for storing the output of the abnormality information 
outputting means in an internal memory provided in the control unit and in an 
external memory provided outside the robot. Thus, since it is configured such that it 
is self-diagnosed whether the quantity of state is an abnormal value, or whether at 
least one of the internal sensor, etc., is abnormal and when an abnormality is 
self-diagnosed, abnormality information affixed with a time on which the 



abnormality occurred is outputted to be stored in an internal memory and in an 
external memory, it becomes possible to improve the reliability of abnormality 
detection of the mobile robot. Further, by storing the information affixed with a time 
on which the abnormality occurred, it becomes possible to ascertain accurately the 
course of events leading up to the abnormality. It should be noted that, in this 
specification, "abnormality" means whole cases other than normal, which are 
non-normal conditions due to any events including deterioration, failure and 
damages. 

Further, this invention provides, as recited in claim 2 mentioned below, a 
system for detecting abnormality of a mobile robot having at least a drive motor, an 
internal sensor that senses a quantity of state of the internal of the robot and a 
control unit constituted by an onboard microcomputer that operates the drive motor 
based on the quantity of state obtained from an output of the internal sensor to move, 
the control unit comprising a plurality of distributed control units that are distributed 
to be disposed at each of onboard equipments mounted on the robot including at 
least the internal sensor and the drive motor, for self-diagnosing whether at least one 
of onboard equipments is abnormal, and further comprising: self-diagnosis means 
for self-diagnosing whether the quantity of state is an abnormal value; distributed 
control unit self-diagnosis result inputting means for inputting a self-diagnosis result 
by each of a plurality of the distributed control units; abnormality information 
outputting means for, when at least an abnormality of one of the quantity of state 
and the mounted equipments on the robot is self-diagnosed based on the 
self-diagnosis result by the self-diagnosis means and the inputted self-diagnosis 
result by the distributed control units, storing information of the abnormality in a 
shared memory provided in the control unit and outputting the information affixed 
with a time on which the abnormality occurred; and abnormality information storing 
means for storing the output of the abnormality information outputting means 
together with a parameter indicative of the quantity of state of the robot, in an 



internal memory provided in the control unit and in an external memory provided 
outside the robot. Thus, it is configured such that it is self-diagnosed whether the 
quantity of state is an abnormal value, or whether at least one of the internal sensor, 
etc., is abnormal and when an abnormality is self-diagnosed, abnormality 
information affixed with a time on which the abnormality occurred is outputted to be 
stored in an internal memory and in an external memory together with a parameter 
indicative of the quantity of state of the robot. Specifically, by storing the 
information affixed with a time on which the abnormality occurred together with a 
parameter indicative of the quantity of state, it becomes possible to ascertain 
accurately the course of events leading up to the abnormality, thereby enabling to 
further improve the reliability of abnormality detection of the mobile robot. 

Further, this invention provides, as recited in claim 3 mentioned below, the 
system in which the control unit includes: dynamic model behavior correcting 
means for inputting at least a desired manipulated variable, and based on a dynamic 
model which outputs a desired behavior of the robot, that is a plant, such that the 
desired manipulated variable is satisfied, correcting the behavior of the dynamic 
model, by additionally inputting a correction amount of the desired manipulated 
variable determined in response to at least an error in the quantities of state of the 
dynamic model and the robot to at least the dynamic model; and control means for 
controlling operation of the drive motor so as to follow the behavior of the dynamic 
model; and the self-diagnosis means self-diagnoses that the quantity of state is an 
abnormal value when the error in the quantities of state of the dynamic model and 
the robot exceeds a predetermined value. Thus, when conducting the aforesaid 
control, since it is configured such that the quantity of state is self-diagnosed to be 
an abnormal value when the error in the quantities of state of the dynamic model and 
the robot exceeds a predetermined value, in addition to the effects and advantages 
mentioned above, it becomes possible to detect the abnormality of the quantity of 
state accurately, thereby enabling to improve the reliability of abnormality detection 



of the mobile robot. 

Further, this invention provides, as recited in claim 4 mentioned below, the 
system in which the robot has a body and a plurality of leg linkages each swingably 
connected to the body through a joint and each connected with a foot at its distal end 
through a joint, the internal sensor includes an inclination sensor that generates an 
output indicative of an inclination of the body of the robot relative to a vertical axis, 
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CLAIMS 

1 . (Amended) A system for detecting abnormality of a mobile robot having 
at least a drive motor, an internal sensor that senses a quantity of state of the internal 
of the robot and a control unit constituted by an onboard microcomputer that 
operates the drive motor based on the quantity of state obtained from an output of 
the internal sensor to move, the control unit comprising a plurality of distributed 
control units that are distributed to be disposed at each of onboard equipments 
mounted on the robot including at least the internal sensor and the drive motor, for 
self-diagnosing whether at least one of onboard equipments is abnormal, and further 
comprising: 

a. self-diagnosis means for self-diagnosing whether the quantity of state is 
an abnormal value; 

b. distributed control unit self-diagnosis result inputting means for inputting 
a self-diagnosis result by each of a plurality of the distributed control units; 

c. abnormality information outputting means for, when at least an 
abnormality of one of the quantity of state and the mounted equipments on the robot 
is self-diagnosed based on the self-diagnosis result by the self-diagnosis means and 
the inputted self-diagnosis result by the distributed control units, storing information 
of the abnormality in a shared memory provided in the control unit and outputting 
the information affixed with a time on which the abnormality occurred; and 

d. abnormality information storing means for storing the output of the 
abnormality information outputting means in an internal memory provided in the 
control unit and in an external memory provided outside the robot. 

2. (Amended) A system for detecting abnormality of a mobile robot having 
at least a drive motor, an internal sensor that senses a quantity of state of the internal 
of the robot and a control unit constituted by an onboard microcomputer that 
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operates the drive motor based on the quantity of state obtained from an output of 
the internal sensor to move, the control unit comprising a plurality of distributed 
control units that are distributed to be disposed at each of onboard equipments 
mounted on the robot including at least the internal sensor and the drive motor, for 
self-diagnosing whether at least one of onboard equipments is abnormal, and further 
comprising: 

e. self-diagnosis means for self-diagnosing whether the quantity of state is 
an abnormal value; 

f. distributed control unit self-diagnosis result inputting means for inputting 
a self-diagnosis result by each of a plurality of the distributed control units; 

g. abnormality information outputting means for, when at least an 
abnormality of one of the quantity of state and the mounted equipments on the robot 
is self-diagnosed based on the self-diagnosis result by the self-diagnosis means and 
the inputted self-diagnosis result by the distributed control units, storing information 
of the abnormality in a shared memory provided in the control unit and outputting 
the information affixed with a time on which the abnormality occurred; and 

h. abnormality information storing means for storing the output of the 
abnormality information outputting means together with a parameter indicative of 
the quantity of state of the robot, in an internal memory provided in the control unit 
and in an external memory provided outside the robot. 

3. (Amended) The system according to claim 1 or 2, wherein the control 
unit includes: 

i. dynamic model behavior correcting means for inputting at least a desired 
manipulated variable, and based on a dynamic model which outputs a desired 
behavior of the robot, that is a plant, such that the desired manipulated variable is 
satisfied, correcting the behavior of the dynamic model, by additionally inputting a 
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correction amount of the desired manipulated variable determined in response to an 
error in the quantities of state of the dynamic model and the robot to at least the 
dynamic model; and 

j. control means for controlling operation of the drive motor so as to follow 
the behavior of the dynamic model; 

and the self-diagnosis means self-diagnoses that the quantity of state is an 
abnormal value when the error in the quantities of state of the dynamic model and 
the robot exceeds a predetermined value. 

4. The system according to any of claims 1 to 3, wherein the robot has at 
least a body and a plurality of leg linkages each swingably connected to the body 
through a joint and each connected with a foot at its distal end through a joint, the 
internal sensor includes an inclination sensor that generates an output indicative of 
an inclination of the body of the robot relative to a vertical axis, and the 
self-diagnosis means self-diagnoses that the inclination sensor is abnormal when the 
output of the inclination sensor is not within a predetermined range. 

5. The system according to any of claims 1 to 4, wherein the robot has at 
least a body and a plurality of leg linkages each swingably connected to the body 
through a joint and each connected with a foot at its distal end through a joint, the 
internal sensor includes an angle detector that generates an output indicative of at 
least one of an angle, angular velocity and angular acceleration of the joints, and the 
self-diagnosis means self-diagnoses that the angle detector is abnormal when the 
output of the angle detector is not within a predetermined range. 



2.9 



6. The system according to any of claims 1 to 5, wherein the onboard 
equipments include an external sensor that generates an output indicative of taken 
images. 

7. The system according to any of claims 1 to 6, wherein the onboard 
equipments include a floor reaction force detector that detects a floor reaction force, 
and the self-diagnosis means self-diagnoses that the floor reaction force detector is 
abnormal when the output of the floor reaction force detector is not within a 
predetermined range. 

8. The system according to any of claims 1 to 7, wherein the onboard 
equipments include sensors that detect a current supplied to the drive motor and a 
temperature of the drive motor, and the self-diagnosis means self-diagnoses that the 
drive motor is abnormal when at least one of the detected current and temperature is 
not within a corresponding one of predetermined ranges set respectively with respect 
to the current and temperature. 

9. The system according to any of claims 1 to 8, wherein the onboard 
equipments include a battery that supplies a current to the control unit and the drive 
motor and a voltage sensor that generates an output indicative of a voltage of the 
battery, and the self-diagnosis means self-diagnoses that the battery is abnormal 
when the output of the voltage sensor is smaller than a predetermined value. 

10. The system according to any of claims 1 to 9, wherein the onboard 
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equipments include a voice recognition system that enables voice communication 
with an operator. 

11. (Amended) The system according to any of claims 1 to 10, further 
including: 

k. an operator's operation control unit provided outside the robot and 
comprising a microcomputer that includes the external memory; and 

1. communication means connecting the control unit and the operator's 
operation control unit for establishing communication therebetween; 

and the self-diagnosis means self-diagnoses whether the communication 
means is abnormal. 



30/1 



f i I E I 

cmm lgkvmm^xzwiE) 



1 . 



PCT/ J P 0 3/0 1 5 7 8 



2. mm a 



m w 
ft m 

3. ftlA 

ft £ 



HONDA G I KEN , KOGYO ■ KABUSH I K I 
KA I SHA 

T107-8556 0^B^f)3^|KmWaJ-TS 1#1 # 
1 — 1 , M i nami — Aoya ma 2 — c h o m e , 
Minato-ku, Tokyo 107-8556 
JAPAN 
B^H Japan 
S^H Japan 



T 170-0013 1 T § 2 0 # 2 

816, Ikebukuro White House 

Building, 20 — 2, Higashi 

Ikebukuro 1— chome, 

Toshima — ku, Tokyo 1 7 0-0 0 1 3 

JAPAN 




1 




4. ffiiE<Dtt$i ; wmm 

B^tsiB^m tug^M^imMa^^ y Ka^aaiim 
(2) wmmm2nm2 8ftfrb%3M%2fi<D rf^^tsigft^t^ 

^M^^Ai^ £ e>^ v gJfB^ftga^^^^tt^^g.B#Hfi-5 g B#$r^ 



2 




(3) ft^^isfflomi^^ mmmm^=-;y a. mm^mmtmn^m 

4^^^^-fiS^ ; S : ^il.B#if-r6gBf^|ff#^, b_. MiSMMM^Mitei^ 

2 Li^^J_BMffiM^^il^ikA^j^^^Mte^ b§Bi»r^A^ 

i^^n^^-mi.T§a^^^-rttiiB^ma^i¥^ / >^< t h^-rtifrtmftfr&fr - 



3 




R . ftfrfBi ag£Bff^&K: J: 5 I B#if^^:fe J:^ttjf5A^ £Jri1t£MMM 

6. ^#»si^e^ 

ff^cD^ia I2 11^tl2 4l©ffc« II 



4 



2 




<£ 5 in bft^ft caffs' KD^tfeftiS*SrltWi-S^.^^fc5o 

15 tufS g B#®r3M£K: iSg B#^m*5 J; t/fufEA^ § tiltfmftm^- 

v h^J:5gB#^*^^v>TSfJfS^**5«tt>*BulBo2}f^ 



U«j^-^£'>&< £ fe^tf Buffing 5, b^Sa^S^^^tb^tb^^UT 
S#ffi-5SS#^^ tufB»^^»J^-^ h^ct^SS^iff^m^r 

^nmA*t5^ti^= ^ b laiMA^fi, miss e^Bff^ffcte: 

£ 5 g B^»f^*3 J: U^ffjfBA^ £ tL/c#MiJ#^ s> Md <fc 5 g a^0f*£mf- 

miEm^m-r^^t^x%, x^x^m^^y h^mn^fDmm^— if ft 



3/1 




21 




-y hifis mWh^^-tek-CmWi^— fcfc-S-tffc&IB Hafts' h 

a. M|5^1ISS^^*W^^iB^^SiB^8lf^, 

b . ffjfS^fSO^WJ^P^-- s> H- <£ 5 S Bfii*lr^tbmA^t?>^t 

ffjljlf^ =. ^ > g B^Kff A^J 3^ 
c . ffjfS g B#8»r3M£t- £ 5 i B^»f#&**5 «t tfiulEA^ $ ftfc^MKf&lfcP^ s> 
h \Z. «fc a i B^ifltm^*5V \Tll&fBtfcffi**3 =fc tff&IB n # V h <^*»^ 
£ ^V^tu^Jlift §Bti$tifcit, ^©S^ttaSrtffffiftlW 

m^H^xm^-r^mnm^mti^s 



22 

10 h. tulE^tf^ttl^^^f±i^^^ MiBt^V b^ttlBt^t^?^- ^£ 
15 3. (ffiEf) ItulEfflJ^-s/ Hi, 

4. saiBDJK^h^ 'pfr<tt>±ftk, mm±m^mw^\^xmm^m^m 



23 




£1^ US ^ g B^Urf Sit -T5 ft ^tSISm 1 ^ bf & 4 ISO V vf n 

6. mtmmmmK miM^mm^-r^^±c^^±^^^^ 



24 



mz. striBBE-fe isv<Dmt>&ffifeo&zm<D t & , m&< $>tv ^sst 

1 1. (#jE«) ££>l^ 



